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BACHELOR OF ARTS OR BACHELOR OF SCIENCE

The degree of Bachelor of Arts (A.B.) or the degree of Bachelor of Science (B.S.)

is conferred upon candidates recommended by the Subcommittee on Graduation who,

in addition to fulfilling the following requirements, have applied in advance for graduation

:

1. The completion of 180 (quarter) units of university work, including the General

Studies requirements.

2. The acquisition of twice as many grade points as there are units registered on

the candidate's record card.

3. The completion of the curriculum requirements as prescribed by a major department.

The recommendation of that department is necessary to graduation.

Candidates who fulfill these requirements in the Schools of Earth Sciences and

Engineering, or the Departments of Chemistry, Mathematics, Physical Sciences,

Physics, and Statistics in the School of Humanities and Sciences, or Nursing or

Physiology in the School of Medicine receive the degree of Bachelor of Science;

candidates who fulfill these requirements in other schools or departments receive the

degree of Bachelor of Arts.
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MATHEMATICS

Emeriti: Stefan Bergman, Charles Loewner, William Albert Manning, George

Polya, Gabor Szego (Professors)

Executive Head: David Gilbarg

Associate Executive Head: KareldeLeeuw

Professors: Harold Maile Bacon, Kai Lai Chung, Paul J. Cohen, Robert Finn, David

Gilbarg, Samuel Karlin, Kunihiko Kodaira, Georg Kreisel, Gordon Eric Latta,

Harold Levine, James L. McGregor, Ralph S. Phillips, Halsey Lawrence

Royden, Hans Samelson, Menahem Max Schiffer, Donald C. Spencer. Visiting

: Lennart Carleson, Yitzhak Katznelson

Associate Professors: Paul Walter Berg, Solomon Feferman, Newton Seymour

Hawley, Karel deLeeuw, Donald S. Ornstein, Robert Osserman, Dana S.

Scott. Visiting: Shoro Araki

Assistant Professors: Mary Virginia Sunseri. Visiting: Bohumil Cenkl, Walter

Strauss

Instructors: Stephen B. Agard, Rodolfo V. De Sapio, Lesley M. Sibner, Robert J.

Sibner

OFFERINGS AND FACILITIES

The introductory courses consist of four alternative sequences in analytic geometry

and calculus (10, 11, 21, 22, 23, 44, 45, 46, or 41, 42, 43, 44, 45, 46, or 41, 52, 53, 54, 55,

or 41, 62, 63, 64). These courses are provided for students who wish to graduate with

a major in mathematics and for students in other departments who need or desire

mathematics above the level of secondary school mathematics. Mathematics majors

and others who plan further study in mathematics should elect one of the sequences

including Mathematics 44 or 54. Students who desire a conventional introduction to

analytic geometry and the calculus and plan no further study in mathematics should

complete their course with Mathematics 24 following 23 or 43. Students electing one

of the above series are expected to complete the work in that series. Changes from

one series to another are permitted only by special arrangement.

Honors sequence Mathematics 52, 53, and 54 and 55 is an honors course in calculus

for students intending to major in mathematics or the physical sciences. These courses

cover the material contained in Mathematics 42, 43, and 44, 45 and 46, but students who

take this sequence need to spend less time on drill, and consequently it is possible to

explore some of the interesting implications of calculus in science, engineering, and

mathematics. Prerequisites: Mathematics 41 and the consent of the instructor.

The calculus sequence 41, 62, 63, 64 is a special version of the 41, 42, 43, 24

series primarily for students majoring in one of the behavioral sciences. This

sequence stresses applications to probability theory and the behavioral sciences.

ADVANCED PLACEMENT FOR FRESHMEN

Secondary school students of unusual ability in mathematics often pursue one or

more semesters of college-equivalent courses in mathematics while they are still in

high school. Under certain circumstances it is possible for such students to secure

both advanced placement and credit toward the Bachelor's degree on the basis of
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these courses. A decision as to placement and credit will be made by the Department

after consideration of the student's performance on the Advanced Placement Examination

in Mathematics of the College Entrance Examination Board. Arrangements

for such advanced placement and credit must be made during the first tiuo zvecks of the

student's first quarter of attendance at Stanford University or the privilege will lapse.

Advisers on advanced placement are currently Professors Mary Sunseri and H. M.

Bacon.

PROGRAMS OF STUDY

Bachelor of Science

The following Departmental requirements are in addition to the University's

basic requirements for the Bachelor's degree:

1. Analytic Geometry and Calculus (Courses 10, 11, 21, 22, 23, 44, 45, 46, or 41,

42, 43, 44, 45 and 46, or 41, 52, 53, 54, 55). These courses should be started during

the first year.

Students intending to major in mathematics are advised to begin or continue the

study of French, German, or Russian in the first year.

2. Two quarters of Algebra (H4a, 120) ; two quarters of Differential Equations

(130, 131) ; two quarters of Fundamental Concepts of Analysis (115, 116) ; one

quarter of Higher Geometry (142) [one quarter of Non-Euclidean Geometry (157),

Introduction to Topology (159), or of Differential Geometry (217a) may be substituted

for this course] ; one quarter of Introduction to Functions of a Complex Variable

(106).

3. Nine units of courses in mathematics numbered above 100 in addition to those

listed in "2." The average grade point ratio in these courses and the courses listed

under "2" above must be not less than 2.00.

4. French 23, German 23, or Russian 52; Physics 51, 52, 53, 54, 55, 56, 57.

Master of Science

The University's basic requirements for the Master's degree (residence, thesis, etc.)

are discussed in the section "Degrees" in this Bulletin. The following are Departmental

requirements:

Candidates must complete an approved course program which will ordinarily consist

of a minimum of 45 units, at least 36 of which will be in this department. The

Master's Thesis is optional: If a thesis is presented, the candidate's program must

contain 15 units of 200-level courses (in addition to the thesis). If no thesis is to be

presented, the candidate's program must include 24 units of courses numbered 200 or

above. The candidate must have a B average over all course work taken in Mathematics,

a B average in the 200 level courses considered separately, and must achieve

a satisfactory score in the Department's comprehensive examination. Certain exceptions

to the 45 unit requirement above are possible. In particular, a student will be

recommended for the M.S. degree upon completion of an approved program of 36

units of 200 level Mathematics courses with grades of B or better.

For the degree of Master of Science in Computer Science, see Computer Science

Department material in this Bulletin.

Doctor of Philosophy

The University's basic requirements for the doctorate (residence, dissertation,

examination, etc.) are discussed in the section "Degrees" in this Bulletin. The following

are Departmental requirements:

In order that a student be admitted to candidacy for the Ph.D. degree, he must

have successfully completed 45 units of graduate courses (i.e., courses numbered 200

and above). These courses should include Mathematics 205a, b, c, 206a, b, c, 210a, b,
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and 212. In addition he must pass qualifying examinations given by the Department

and demonstrate the ability to read French, German, or Russian.

Beyond the requirements for candidacy, the student must complete a course of

study of at least 30 units approved by the Graduate Study Committee of the Department

of Mathematics. This program must either display sufficient breadth in mathematics

outside the student's field of specialization, or fulfill the requirements for a

minor in another department. In addition, the student must pass his second language

examination and the University oral examination, and submit an acceptable dissertation.

A student must receive a grade of B or better in a course in order that it

satisfy a requirement for the Ph.D. degree.

A candidate for the Ph.D. degree in Mathematics may specialize in computer science

and submit his dissertation in this area. He must satisfy the usual requirements

for the degree as established by the Mathematics Department. Since he must also be

expert in certain areas of computer science he should confer early with the Computer

Science Department in planning his program. In view of the necessary work in computer

science, consideration will be given to a reduction in the variety of other mathematics

courses required for the degree.

For the degree of Doctor of Philosophy in Computer Science, see the Computer

Science Department material in this Bulletin.

For further information concerning degree programs, requirements for a Ph.D.

minor in mathematics, fellowships, and assistantships, inquire of the Department

secretary.

Teachers' Credentials

The requirements for a teaching major in Mathematics for the Standard Teaching

Credential (Secondary) are the B.S. degree with major in Mathematics (see above) or,

if the candidate has a Bachelor's degree with a major in another subject, the following:

Courses 10, 11, 21, 22, 23, 44 (or 41, 42, 43, 44, or 41, 52, S3, 54) together with 21

units selected from courses numbered 100 or above, and in addition, 15 units selected

from courses numbered 100 or above or in courses in other departments requiring

extensive application of mathematics. Thirty-six quarter units must be in upper division

or graduate standing, 9 of these must be at the graduate level. Candidates for the

General Secondary Credential may count courses 45 and 46 as equivalent to "courses

numbered 100 or higher" for the purpose of meeting requirements listed in this paragraph.

The requirements for a teaching minor in Mathematics are Courses 10, 11, 21,

22, 23, 44 (or 41, 42, 43, 44, or 41, 52, 53, 54) together with 12 units as follows: 9 units

in mathematics courses numbered 100 or higher; 3 units either in mathematics courses

numbered 100 or higher or in courses requiring extensive application of mathematics

given in other departments. In order to receive the recommendation of the Department

for a teaching major or a teaching minor, the candidate is expected to have an

average grade of B in these required courses. If work in mathematics has been taken

at another institution, it is expected that at least one course numbered 100 or above

will be taken in the Department. Attention is called to Courses 114a, 120, 142, 152a,

157, and CS136 as particularly appropriate to these programs.

Master of Arts in Teaching (Mathematics)

In cooperation with the School of Education, the Department offers a program

leading to a degree, Master of Arts in Teaching (Mathematics). This degree is intended

for teachers with one or more years of experience and/or a regular teaching

credential who wish to further strengthen their academic preparation. Detailed requirements

are outlined in this Bulletin under "School of Education, the Master of

Arts in Teaching."
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COURSES

INTRODUCTORY AND UNDERGRADUATE COURSES

Introductory courses will be offered only if ten or more students enroll.

B. Algebra and Trigonometry—Fundamental laws; linear and quadratic equations

; inequalities; logarithms; binomial theorem; trigonometric functions, identities,

and equations; solution of right and oblique triangles; complex numbers; De

Moivre's theorem.

4 units, autumn, winter, ( ), MTWThF 10 or 2:15

#\. Elementary Mathematical Analysis I—Structure of the real number system

; logic of algebra; fundamental concepts of geometry and trigonometry. No credit

allowed if taken after courses numbered 10 or higher.

3 units, winter, (Bacon), MWF 8 '

#2. Elementary Mathematical Analysis II—Introduction to the basic ideas of

analytic geometry and calculus; applications. No credit allowed if taken after courses

numbered 10 or higher. Prerequisite: 1.

3 units, spring, (Bacon), MWF 8

#10. Analytic Geometry and Calculus—Distance, slope, equations of lines, functions

and graphs, derivative of a function, velocity and rates, properties of limits,

polynomials and their derivatives, rational functions, rules for differentiation, implicit

relations, chain rule for derivatives, differentials, continuity, related rates, curve tracing,

maxima and minima with applications, Rolle's Theorem, Mean Value Theorem.

Continuation in the course depends upon the student's passing a qualifying examination

given during the first week of the course and covering algebra and trigonometry.

Prerequisites: algebra and trigonometry.

3 units, autumn, ( ;, MWF 8,10, or 2:15

winter, ( ;, MWF 10,12, or 2:15

#11. Analytic Geometry and Calculus—Continuation of 10. Curves and equations,

tangents and normals, Newton's method for finding roots, circle, parabola,

ellipse, hyperbola, translation and rotation of coordinate axes, invariants, conies,

indefinite integral, differentiation of sines and cosines, area under a curve, definite

integral and the fundamental theorem of calculus, trapezoid rule. Prerequisite: 10.

3 units, winter, ( ;, MWF 8,10, or 2:15

spring, ( ;, MWF 10,12, or 2:15

#21. Analytic Geometry and Calculus—Continuation of 11. Area between two

curves, volumes, length of arc, surface of revolution, average value of a function,

moments and center of mass, theorems of Pappus, hydrostatic pressure, work, trigonometric

functions, inverse trigonometric functions, the logarithmic and exponential

functions. Prerequisite: 11.

3 units, autumn, (—: ), MWF 8 or 3:15

spring, ( ;, MWF 8,10, or 2:15

#22. Analytic Geometry and Calculus—Continuation of 21. Methods of integration,

partial fractions, integration by parts, substitutions, improper integrals,

Simpson's Rule, determinants, simultaneous equations, hyperbolic functions, inverse

hyperbolic functions, polar coordinates. Prerequisite: 21.

3 units, autumn, ( ;, MWF 9,11, or 1:15

winter, ( ;, MWF 8 or 3:15

#23. Analytic Geometry and Calculus—Continuation of 22. Polar coordinates,

angle between tangent and radius vector, areas, parametric equations, vector components,

differentiation of vectors, curvature, tangential and normal acceleration, space

coordinates, vectors, scalar product, planes and lines in space, space curves, cylinders,

quadric surfaces, partial derivatives, tangent plane, chain rule for partial derivatives.

Prerequisite: 22.

3 units, winter, ( ;, MWF 9,11, or 1:15

spring, ( -), MWF 8 or 3:15

MATHEMATICS 315

#24. Analytic Geometry and Calculus—Continuation of 23 or 43 (below). Vector

product, planes, product of three vectors, directional derivative, gradient, total

differential, maxima and minima, higher order derivatives, exact differentials, double

integrals and applications, cylindrical coordinates, triple integrals, spherical coordinates,

surface area, series, convergence tests, power series, Taylor's theorem, Taylor's

Series, 1'Hospital's Rule, absolute and conditional convergence, differential equations

of first order (homogeneous, linear, exact). Prerequisite: 23 or 43.

3 units, autumn, ( ;, MWF 8,9, or 11

spring, ( ;, MWF 9 or 1:15

#41. Analytic Geometry and Calculus—41 and 42 together cover the same subjects

as 10, 11, 21, and part of 22. Requirements for admission to 41 same as for 10.

5 units, autmun, (Sunseri), MTWThF 8; (Bacon), MTWThF 9; (Sunseri),

MTWThFlO

winter, ( ;, MTWThF 12

#42. Analytic Geometry and Calculus—Continuation of 41.

5 units, winter, ( ;, MTWThF 8,9, or 10

spring, ( ;, MTWThF 12

#43. Analytic Geometry and Calculus—Continuation of 42. Improper integrals,

Simpson's Rule, determinants, simultaneous equations, hyperbolic functions, inverse

hyperbolic functions, polar coordinates, polar curves, angle between radius vector and

tangent line, areas, parametric equations, vector components, differentiation of vectors,

tangential and normal acceleration, space coordinates, vectors, scalar product,

planes and lines in space, space curves, cylinders and quadric surfaces, functions of

several variables, partial derivatives, tangent plane, chain rule for partial derivatives,

differential equations of first order (homogeneous, linear), special second order differential

equations, 1'Hospital's rule. Prerequisite: 42.

5 units, autumn, ( ;, MTWThF 12

spring, ( ;, MTWThF 8,9, or 10

#44. Advanced Calculus I—Infinite series, convergence tests, parallel topics on

improper integrals. Uniform convergence. Power series. Prerequisite: 23 or 43 or

concurrent registration in 23 or 43 and consent of instructor.

3 units, autumn, ( ;, MWF 9, ll,orl :15

winter, ( ;, MWF 12

spring, ( ), MWF 9 or 11

#45. Advanced Calculus II—Vectors in the plane and space, linear dependence,

inner product, vector product. Geometry of lines and planes. Vector functions of one

variable, curves and motion. Functions of several variables, gradient, partial derivatives,

differentials, extreme values, line integrals, two dimensional integrals. Prerequisite

: 44 or concurrent registration in 44 and consent of instructor.

3 units, winter, ( ), MWF 9,11, or 1:15

autumn, ( ;, MWF 9 or 11

#46. Advanced Calculus III—Multiple integrals, vector functions of several

variables, divergence theorem, Stokes' theorem. Curvilinear coordinate systems, differential

geometry of surfaces. Vector spaces of higher dimension. Prerequisite: 45.

3 units, winter, ( ), MWF 9 or 1:15

spring, ( ;, MWF 8 or 9

#52. Honors Calculus—Honors version of 42, with greater emphasis on the fundamental

concepts and rigorous development of the calculus and more extensive discussion

of its applications. Prerequisites: 41 or equivalent, and consent of instructor.

5 units, winter, ( ;, MTWThF 9

#53. Honors Calculus—Continuation of 52.

5 units, spring, ( ;, MTWThF 9

#54. Honors Calculus—54 and 55 together constitute an honors version of 44, 45,

46.

3 units, autumn, ( ), MWF 9
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#55. Honors Calculus—54 and 55 together constitute an honors version of 44, 45,

46.

3 units, winter, ( ), MWF 9

#62. Calculus—(Enroll in Statistics 62.)

#63. Calculus—(Enroll in Statistics 63.)

64. Calculus—(Enroll in Statistics 64.)

COURSES FOR UNDERGRADUATE AND GRADUATE STUDENTS

Calculus through Mathematics 44 or consent of the instructor is required for the

courses listed below:

106. Introduction to Theory of Functions of a Complex Variable—Complex

numbers, analytic functions, Cauchy-Riemann equations, complex integration, Cauchy

formula; elementary conformal mappings. Prerequisite: 45.

3 units, autumn, ( ;, MWF 11; ( ),MWF 2:15

spring, ( ;, MWF 8

summer ( )

107. Theory and Applications of Functions of a Complex Variable—Further

development of the theory and applications of analytic functions, including the

Schwarz-Christoffel transformation, asymptotic integration, differential equations

and special functions in the complex domain, and conformal mapping. Prerequisite:

106 or equivalent.

3 units, winter, ( ), MWF 11

113. Linear Algebra and Matrix Theory—The study of the algebraic properties

of matrices and their interpretation in geometric terms. The relationship between the

algebraic and geometric points of view and matters that are fundamental to the study

and solution of linear equations are dealt with. Topics include: linear equations;

vector spaces, linear dependence, bases and coordinate systems; linear transformations

and matrices; similarity and eigenvalues reduction of quadratic forms.

3 units, autumn, ( ;, MWF 9; ( ;, MWF 1:15

winter, ( ;, MWF 10; ( ;, MWF 1:15

summer, ( )

113h. Linear Algebra and Matrix Theory (Honors).

3 units, autumn, ( ), MWF 9

114. Linear Algebra and Matrix Theory—Continuation of 113. A deeper study

of certain of the topics indicated as well as additional topics chosen among the following

: invariant subspaces, canonical forms of matrices, minimal polynomials and elementary

divisors ; vector spaces over arbitrary fields; inner products; Hermitian and

unitary matrices; multilinear algebra.

3 units, winter, ( ), MWF 9

spring, ( ), MWF 10

114h. Linear Algebra and Matrix Theory (Honors).

3 units, winter, ( ), MWF 9

115. Fundamental Concepts of Analysis—Rigorous treatment of real numbers,

limits, function, continuity, differentiability, integral, infinite series, other infinite

processes. Especially recommended for students who intend to take graduate work

in mathematics.

3 units, autumn, ( ;, MWF 11; ( ;, MWF 2:15

winter, ( ;, MWF 11; ( ;, MWF 2:15

116. Fundamental Concepts of Analysis—Continuation of 115.

3 units, winter, ( ), MWF 11

spring, ( ),MWF11

117. Fundamental Concepts of Analysis—Continuation of 116.

3 units, spring, ( ), MWF 11

120. Modern Algebra—Integral domains, fields, polynomials, divisibility theory,

groups. Prerequisite: 114a.

3 units, zvinter, ( ), MWF 1:15

spring, ( ), MWF 1:15
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121. Modern Algebra—Continuation of 120.

3 units, spring, ( ;, MWF 1:15

123. Theory of Probability—This is an introductory course to the theory of probability

and some of its applications. The basic concepts of probability, random variables

and their distribution functions are treated in the modern manner. The method

of characteristic functions will be developed. Classical limit theorems for sequences

of independent random variables are discussed in some detail. Some special types

of stochastic processes will be covered as well as various examples of combinatorial

problems.

3 units, winter, (McGregor), MWF 11

124. Theory of Probability—Continuation of 123.

3 imits, spring, (McGregor), MWF 11

130. Ordinary Differential Equations—Special equations, exact equations, linear

equations; series solutions, numerical solution; Laplace transform and operational

methods. Courses 130, 131, 132 form a sequence.

3 units, autumn, ( ;, MWF 8,11, or 2:15

winter, ( ), MWF 10

summer, ( )

130h. Ordinary Differential Equations (Honors).

3 units, autumn, (Latta), MWF 11

131. Partial Differential Equations I—First order equations, classification of

second order equations. Initial-boundary value problems for heat equation, wave

equation, and related equations. Separation of variables, eigenvalue problems, Fourier

series. Existence and uniqueness questions.

3 units, winter, ( ), MWF 8,11, or 2:15

spring, ( ), MWF 10

131h. Partial Differential Equations (Honors).

3 units, u'intcr, (Latta), MWF 11

132. Partial Differential Equations II—Initial and initial-boundary value problems

in infinite domains, Fourier transforms. Boundary value problems for Laplace

equation. Bessel functions and Legendre polynomials.

3 units, spring, ( ;, MWF 8,11, or 2:15

136. Introduction to Algorithmic Processes—(Enroll in Computer Science 136.)

137. Numerical Analysis—(Enroll in Computer Science 137.)

138. Numerical Analysis—(Enroll in Computer Science 138.)

142. Higher Geometry—Homogeneous and projective coordinates with applications;

protective correspondence in forms of one dimension; involution; projective

correspondence in forms of two dimensions; collineations, their classification; correlation,

polarity; projective, affine, metric properties of conies.

3 units, autumn, (Bacon), MWF 8

152a. Elementary Theory of Numbers—Euclid's algorithm, fundamental theorems

on divisibility; prime numbers; congruence of numbers; theorems of Fermat,

Euler, Wilson; congruence of first and higher degrees; Lagrange's theorem, its applications

; residues of power; quadratic residues; introduction to theory of binary

quadratic forms.

3 units, autumn, ( ), MWF 2:15

152b. Elementary Theory of Numbers—Continuation of 152a.

3 units, ^vinter, ( ), MWF 2:15

157. Non-Euclidean Geometry — Hyperbolic, elliptic plane geometry, trigonometry

3 units, autumn, (Bacon), MWF 8, alternate years, to be given in 1966-67

159. Introduction to Topology—This course will cover some of the basic properties

of metric and topological spaces; compactness, connectedness, and continuity.

Special attention will be paid to the Euclidean spaces; and the fixed-point and degree

of mapping theorems will be developed. Enrollment is limited to undergraduates.

3 units, autumn, (Royden), MWF 8
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160a. Symbolic Logic—Prepositional and restricted predicate calculi. Validity,

provability, consistency, completeness, definability, decision problems for these calculi.

(Enroll in Philosophy 160a.)

3units,winter, (Fejerman),MWF 11

160b. Symbolic Logic—Continuation of 160a. (Enroll in Philosophy 160b.)

3 units, spring, (Fefcrman), MWF11

161. Introduction to Set Theory—Operations on sets, relations, functions, ordering

relations, well-orderings, equipollence of sets, transfinite induction, axiom of

choice, discussion of axiomatization of set theory. (Enroll in Philosophy 161.) Prerequisite

: consent of instructor.

3 units, autumn, (Scott), TTh 11:00-12:15

162. Theory of Automata—An introduction to the theory of finite automata, Turing

machines, and certain intermediate types of logical networks. (Enroll in Philosophy

162.) Prerequisite: consent of instructor.

3 units, winter, (Scott), MWF 10

195. Undergraduate Colloquium—Based on reading and discussion of topics in

history and philosophy of mathematics. Prerequisite: consent of instructor.

3 units, autumn, (Hawlcy), T 2:15-4:15

199. Undergraduate Honors.

(Staff), by arrangement

COURSES INTENDED PRIMARILY FOR GRADUATE STUDENTS

205a, b, c. Theory of Functions of a Real Variable—Point set topology in metric

spaces and general spaces. Functions of bounded variations, absolute continuity,

Lebesgue measure, and the Lebesgue-Stieltjes integral. More advanced theories of

measure and integration. Prerequisite : 116 or equivalent.

205a. 3 units, autumn, (Chung), MWF 11

205b. 3 units, winter, (Chung), MWF 11

205c. 3 units, spring, (Chung), MWF 11

206a, b, c. Theory of Functions of a Complex Variable—Complex integration,

Cauchy's Theorem, calculus of residues; power series, infinite products, entire functions,

Picard's theorem; Riemann mapping theorem, Riemann surfaces, Uniformization

theorem. Prerequisite: 116 or equivalent.

206a. 3 units, autumn, ( ), MWF 10

206b. 3 units, winter, ( ),MWF10

206c. 3 units, spring, ( ), MWF 10

210a, b, c. Modern Algebra—Groups, field extensions and Galois theory; commutative

rings and modules; Dedekind domains; local algebra; introduction to homological

methods in algebra. Prerequisite: 120 or equivalent; 121 may be helpful.

210a. 3 units, autumn, (Fejerman), MWF 1:15

2lOb. 3 units, winter, (Fejerman), MWF 1:15

210c. 3 units, spring, (Fejerman), MWF 1:15

212." Proseminar—The emphasis is on the solution of problems of non-routine type.

This course serves as an introduction to independent study and research, and is taken

by all first-year students having good backgrounds who are seriously considering the

Ph.D. degree.

3 units, autumn, (Loewncr), MW 4:00-5:30

217a. Differential Geometry — Differential geometry of curves and surfaces in

Euclidean space.

3 units, autumn, (Hawley), MWF 3:15

217b, c. Differential Geometry—Differentiable manifolds, tensor bundles, tensor

fields, connections, holonomy groups, geodesies, curvatures, Riemannian manifolds,

differential forms and deRham's theorem.

217b. 3 units, winter, (Kodaira), MWF 3:15

217c. 3 units, spring, (Kodaira), MWF 3:15
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220a, b, c. Methods of Mathematical Physics — Theory and construction of

fundamental solutions (Green's functions) for ordinary and partial differential equations

; reformulation of boundary value problems in terms of integral equations with

Green's function kernels; variational procedures and asymptotic integration.

220a. 3 units, autumn, (Latta), MWF 2:15

220b. 3 units, winter, (Latta), MWF 2:15

220c. 3 units, spring, (Latta), MWF 2:15

221a. Calculus of Variations — Euler-Lagrange equations, sufficient conditions;

applications to eigenvalue problems, geometry, mechanics; direct methods, Dirichlet's

principle.

3 units, spring, ( ;, MWF 1:15

230a, b. Advanced Probability—Basic concepts; distribution functions and their

Fourier transforms; weak and strong convergence theorems; random walk problems ;

martingales.

230a. 3 units, winter, (Chung), MW 3:15-4:30

230b. 3 units, spring, (Chung), MW 3:15^:30

232. Topics in Stochastic Processes—Topics from general Markoff processes,

martingale theory, some discussion of ergodic theory.

3 units, spring, (Karlin), MWF 9

237a, b, c. Advanced Numerical Analysis—(Enroll in Computer Science 237

a, b, c.)

246a, b. Complex Manifolds—Definition and examples of complex manifolds, vector

bundles, sheaves, Hermitian and Kahler metrics, cohomology with coefficients in

sheaves, differential geometric method, Hodge manifolds, deformation of compact

complex manifolds.

246a. 3 units, autumn, (Kodaira), MWF 1:15

246b. 3 units, winter, (Kodaira), MWF 1:15

249. Transform Theory—Selected topics from classical transform theory including

Fourier, Laplace, Hankel, Mellin, Lebedeff transforms with applications to boundary

value problems. Prerequisite: 206b.

Alternate years, to be given in 1966-67

253a, b. Total Positivity and Applications to Analysis—Classifications of totally

positive kernels, Polya frequency functions, Tchebycheff systems, connections

with Sturm-Liouville eigenvalue problems and integral equations. Some applications

in probability theory will also be given. Prerequisites: 205 and 206.

253a. 3 units, autumn, (Karlin), MWF 9

253b. 3 units, winter, (Karlin), MWF 9

254a, b. Ordinary Differential Equations — Fundamental existence theorems,

stability and asymptotic behavior of nonlinear systems, Poincare-Bendixson theorem,

linear systems and Sturm-Liouville eigenvalue problems; selected topics from equations

in the complex domain; Fuchsian theory, Hamiltonian systems, optimal control

problems, singular perturbations, existence of periodic solutions and orbital stability.

254a. 3 units,^mnter, (Gilbarg), TTh 11 -.00-12:15

254b. 3 units, spring, (Gilbarg), TTh 11:00-12:15

256a, b, c. Partial Differential Equations—General theory of partial differential

equations, with emphasis on existence, uniqueness, and qualitative properties of solutions.

Potential theory by the methods of subharmonic functions, integral equations,

and the calculus of variations. Theory of the heat equation. Initial value problems

for hyperbolic equations; methods based on characteristic coordinates; systems in

two independent variables. General eigenvalue problems. Elliptic equations; boundary

value problems by the methods of Green's functions, orthogonal projection, and

theory of estimates. Applications to geometrical and physical problems.

256a. 3 units, autumn, (Phillips), TTh 1:15-2:30

256b. 3 units, winter, (Phillips), TTh 1:15-2:30

256c. 3 units, spring, (Phillips), TTh 1:15-2:30
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259. Scattering Theory — The dynamic theory of scattering as applied to the

Schroedinger wave equation and the acoustic wave equation. Prerequisite: 261.

2 units, autumn, (Phillips), M 2:15^:15

261a, b, c. Functional Analysis—The geometry of linear topological spaces. Linear

operators and functionals. Spectral theory. Calculus for vector-valued functions.

Operational calculus. Banach algebras with applications. Classical analysis and

spectral theory.

261a. 3units,autumn, (deLceuw), TTh9:30-10:45

261b. 3 units, winter, (deLceuw), TTh 9:30-10:45

261c. 3 units, spring, (deLceuw), 9:30-10:45

263. Representations of Lie Groups and Lie Algebras.

3 units, spring, (Samelson), MWF10

278. Celestial Mechanics—The two body problem and orbital determination, perturbation

theory, the three body problem.

3 units, spring, (Hawley), MWF 4:15

279a, b. Mathematical Genetics—Mathematical models in population genetics,

ecology, population growth and epidemiology. The first part of the course will deal

mainly with deterministic models in population genetics. (Same as Genetics 308.)

Prerequisite : consent of instructors.

279a. 3 units, autumn, (Bodmcr, Karlin, McGregor), by arrangement

279b. 3 units, winter, (Bodmcr, Karlin, McGregor), by arrangement

28la, b, c. Topology—Point set topology, dimension theory, homotopy, and extension

problems. Homology and cohomology theories of complexes, and topological

spaces. Homotopy theory. Applications.

281a. 3 units, autumn, ( ),MWF9

281b. 3 units, ivintcr, ( ), MWF 9

281c. 3 units,spring, ( ),MWF9

283a, b, c. Selected Topics in Topology—Topics from: fiber spaces and fiber

bundles, characteristic classes, cohomology operations, sheaves, homology of groups.

Prerequisite : 281 or equivalent.

283a. 3 imits, autumn, ( ), MWF 10

283b. 3 units, zvinter, ( ;, MWF 10

291a, b, c. Set Theory—Axiomatic set theory; cardinal and ordinal numbers ; alternative

axiomatizations, questions of consistency and independence. (Enroll in Philosophy

291a, b, c.) Prerequisite: 161 or consent of instructor.

291a. 3 units, autumn, (Levy), MWF 11

291b. 3 units, zvinter, (Levy), MWF 11

29Ic. 3 units, spring, (Levy), MWF 11

292a, b, c. Metamathematics—Formalized first-order theories. Validity and decidability.

Model theory. Completeness and decidability of various algebraic theories.

Incompleteness and undecidability of elementary number theory and various

extensions. Introduction to the Hilbert consistency problem, Godel's theorem, cutfree

proofs. The final quarter will discuss more advanced topics as the interests of

the instructor and students warrant. (Enroll in Philosophy 292a, b, c.) Prerequisite:

160b or consent of instructor.

292a. 3 units, autumn, (Ehrenfeucht), TTh 2:15-3:30

292b. 3 imits, zvinter, (Ehrenfeucht), TTh 2:15-3:30

292c. 3 units, spring, (Ehrenfeucht)^ TTh 2:15-3:30

293a, b, c. Recursion Theory—Decidability and undecidability; examples of unsolvable

mathematical problems. Recursive functions and recursively enumerable

sets. The final quarter will discuss more advanced topics (e.g., recursive functionals,

recursive equivalence types; metamathematical applications of recursive theory to

undecidability of particular mathematical theories) as the interests of the instructor

and students warrant. (Enroll in Philosophy 293a, b, c.) Prerequisite: consent of

instructor.

To be given in 1966-67
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360. Advanced Reading and Research.

Any quarter, (Staff), by arrangement

380. Seminar in Applied Mathematics.

By arrangement

381. Seminar in Analysis.

By arrangement

385. Seminar in Abstract Analysis.

By arrangement

386. Seminar in Geometry and Topology.

By arrangement

387. Seminar in Function Theory.

By arrangement

388. Seminar in Probability and Stochastic Processes.

By arrangement

389. Seminar in Mathematical Biology.

By arrangement

391. Seminar in Foundations of Mathematics.

By arrangement

MILITARY SCIENCE

Executive Head: David Y. Nanney (Colonel, Artillery)

Professor: David Y. Nanney (Colonel, Artillery)

Assistant Professors: John W. Begiebing (Captain, Armor), William C. Hammill

(Captain, Infantry), Terry A. Taylor (Captain, Signal Corps)

